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Abstract  
This project focuses on the structural analysis of the renovation of Kaven Hall at 
Worcester Polytechnic Institute, Worcester, Massachusetts. It provides a structural design of the 
building with an additional floor added on to the attic and the total cost estimate. Taking into 
consideration sustainability analysis and data from the Code of Massachusetts Regulations and 
Americans with Disabilities Act, an appropriate renovation plan is proposed. The renovation 
proposal of Kaven Hall is expected to improve the educational efficiency with the increased area. 
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Capstone Design Statement  
This Major Qualifying Project for renovation of Kaven Hall dealing with adding an 
additional floor to provide more space are fulfilled with real world constraints that are stated by 
the American Board of Engineering and Technology (ABET). This project addresses economic, 
sustainability, constructability, health and safety constraints that are induced as a result of the 
renovation proposal. 
Economic  
In the design of this structure, cost analysis was completed by considering material selection, 
member dimensions, and construction methods. The final design was proposed based on the cost 
effectiveness of the design alternatives and the estimated cost was compared to the previous 
MQPs per square foot.  
Sustainability  
This project takes into consideration alternative sustainability designs as well as energy 
efficiency to showcase green engineering. For example, this proposal attempts to capitalize upon 
the existing space and conserve material already in use. Also, it incorporates solar panel design 
to take advantage of green technology.   
Constructability  
This project makes attempts to ease production by using standard components including 
composite flooring and a gabled roof. I-beam for composite floor system at various lengths are 
available to suit construction project needs. Gabled roof is a common roof design which is easy 
to carry out during construction.  
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Health and Safety  
All structural elements of the building are designed in compliance with the International 
Building Code (IBC) and the code of Massachusetts Regulations (CMR) building codes. Also, 
the proposal includes design consideration of fire protection and provides handicap accessibility 
designed with the Americans with Disabilities Act specifications. 
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1. Introduction  
Kaven Hall which is located on the corner of Boynton and Salisbury Streets in Worcester, 
Massachusetts is the home to the Civil and Environmental Engineering department at Worcester 
Polytechnic Institute. The building which was constructed in 1954 is constructed with four floor 
levels. The basement level has all the laboratories that support all the teaching and research 
needs.  The labs support the following different experimental areas such as structural engineering, 
environmental engineering, geotechnical engineering, construction materials, pavement 
engineering and impact mechanics. The first and second floors have offices and classrooms, and 
the attic is used for a storage area. In this building, the attic can have the potential to be utilized 
as an area for students and faculty members. Also, in the near future, the new architectural 
program will be integrated into Kaven Hall. To accommodate for this program and the growing 
student and faculty numbers, renovating the current Kaven Hall is imperative.  
The goal of this project is to propose a design to provide more space in Kaven Hall 
focusing on the renovation of the attic and adding an additional floor to increase the space, and to 
make a the building accessible for the disabled in accordance with the Americans with 
Disabilities Act (ADA). Adding an additional floor has a few benefits that include less cost than 
erecting an entire new building, and in comparison with the previous MQPs of renovating the 
Kaven Hall, this can add more space although the more space you need to add the more costly it 
becomes. Also, the proposed design will take into consideration alternative sustainability designs, 
energy efficiency and green engineering.   
To devise the appropriate design, knowledge was obtained through literature reviews 
including information from previous MQPs and reviewing applicable codes. Also, the cost 
estimate will be established representing a prediction on the basis of available data. This project 
12 
 
will provide a design to improve efficiency of space and to have multiple benefits by sustainable 
development; it is expected to lead to an educational environment that will deliver satisfaction to 
the students and fulfill their needs.  
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2. Background 
2.1 Previous MQPs  
Four MQP projects have been done previously on the renovation of Kaven Hall.Two of 
these projects have focused on the renovation of the attic to provide more space. Since this 
project concentrates on renovation of the existing Kaven Hall and attic is the most feasible way 
to secure space, the two projects which have covered renovation of the attic might be considered.  
An MQP titled Renovation of the Kaven Hall Attic, was completed in 2003 by Corey M. 
Brodeur, Paul C. Elliot and Timothy J. Fox. The group corrected the existing condition 
information using surveying and physical measurements of the building. They also determined 
the existing structural loading of the attic and the roof, and performed an inventory check of all 
items in the storage and all physically attached and fixed items. Existing conditions of the attic 
was used to determine available space and then the total area of the attic was evaluated including 
the fixed items which included stairs and the elevator. To make the decision on needs of the 
building, the survey was conducted by the faculty members and students, and each room type 
and size was developed by considering the attic occupancy. This led to two possible scenarios of 
the attic and they examined the Code of Massachusetts Regulations (CMR) along with the 
Americans with Disabilities Act (ADA) in compliance. The elevator design was performed to 
comply with the ADA code which allows access for handicaps to all floors. Both floor layouts 
contain the same type of rooms but in different locations and areas. They chose the scenario 
which was the most convenient regarding the location of the bathroom and provided the most 
economical option. In the final design, the attic contains structural design of new elements, 
which includes stairs and the roof structure. Since they decided to include the installation of 
skylights and dormers for natural sunlight and ventilation, dormers and skylights were developed. 
14 
 
The project schedule is estimated to take about 176 days and the cost of the proposed renovations 
was estimated to be about $980,000.  
 
Another MQP titled Renovation of the Kaven Hall Attic was conducted in 2009 by Chad 
Farrell, Sean Kennedy and Elizabeth McLaughlin. After gaining a more accurate existing floor 
plan from WPI faculty, they analyzed the floor, roof, all fixed items and permanent structures. 
They developed an accurate representation using the Auto CAD program.  After the existing 
conditions were determined, the applicable codes of Code of Massachusetts Regulations (CMR) 
and Americans with Disabilities Act (ADA) were examined to meet the attic design 
specifications. This was followed by the installation of bathrooms, proper lighting and 
ventilation along with acceptable finishes and insulation to be accessible to all people including 
the handicapped. After they analyzed the codes, they determined the usable space. To determine 
what renovation should be done inside, they conducted a survey to the students and the faculty of 
the CEE Department. After the proposal was completed, calculations had to be computed in 
order to determine structural properties of the attic. Calculations were done to determine the 
structural properties of the attic with the completed proposal. Because of the strength and weight 
of the roof, along with the composition in properties of yield strength of the concrete floor slab, 
some additions installations are determined. Therefore, dormers, staircases, and an elevator shaft 
were designed, and heat loss, required amount of ventilation and lighting were calculated. Also, 
this project included the cost estimate and project schedule with a finalized plan. The proposed 
renovation was estimated to cost $1,820,000 and was estimated to take approximately 150 days 
to complete. 
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2.2 Importance of Sustainability  
Buildings have a significant impact on the environment such as the natural environment, 
human health, and the economy. However, the majority of modern buildings waste energy, water, 
and resources. Now, buildings in the United States account for 39 percent of total energy use, 12 
percent of the total water consumption, 68 percent of total electricity consumption, and 38 
percent of the carbon dioxide emissions.
1 Green buildings are a part of a larger concept of 
sustainable development, which is a way of looking at buildings that allows people to be more 
responsible with energy and natural resources because the common goal of a green building is to 
reduce overall impact of built environment with potential benefits including environmental, 
economic, and social benefits. Moreover, sustainable development brings techniques to reduce 
and minimize the impact of building on the environment and human health. Also, it can help to 
reduce operating costs over the life of the building by increasing productivity and utilizing less 
energy and water.
2
 
 
2.3 Vertical Expansion  
Vertical expansion is an economical way to increase the capacity of an existing building. 
Most vertical expansions are upward because there is always free space to expand in that 
direction and downward vertical extensions are limited because of the physical restrictions 
imposed by the substructure and soil conditions. One of the possible solutions in vertical 
expansion to enlarge useable space for existing building is to add stories. Adding stories 
inevitably increases the loading on the existing building. However, most building structures are 
usually over-designed, with some being built with allowable additional loading so that they can 
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easily accommodate extra stories without substantial strengthening work. Also, since this 
expansion project will now impact a new location by using a pre-existing site, this will be 
considered a sustainable site.
3
 
 
2.4 Zoning Permit and CMR Compliance   
As result of research of zoning permit in Massachusetts and Code of Massachusetts 
Regulation, vertical expansion is possible in Kaven Hall. Since Kaven Hall is equipped with an 
approved automatic sprinkler system in accordance with 780 CMR 903.3.1.1, vertical expansion 
is allowed. The value specified in Table 503 for maximum height is increased by 20 feet and the 
maximum number of stories is increased by one story. Table 1 presents the allowable height and 
building area for group B in 780 CMR Table 503. Since the height of three stories is 12 feet 
respectively, and the height of roof including the attic is 16 feet, the current attic is designed to 
be renovated into a new floor and an additional floor design is proposed.    
 
 Table 1. Allowable Height and Building Area
7 
Group Type of construction 
TYPE I TYPE II TYPE III TYPE IV TYPE V 
 
 
A B A B A B A A B 
 Hgt(feet) 
Hgt(S) 
UL 160 65 55 65 55 65 50 40 
B SA UL 
UL 
11 
UL 
5 
37,500 
4 
23,000 
5 
28,500 
4 
19,000 
5 
36,000 
3 
18,000 
2 
9,000 
UL=Unlimited, NP=Not permitted. 
a. As applicable in 780 CMR 101.2 
b. For open parking structures, see 780 CMR 406.3. 
c. For private garage, see 780 CMR 406.1 
d. For purposes of allowable height and building area, town houses shall be treated as R-2 use. 
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3. Existing Condition  
Using the information from previous MQP completed in 2009, a floor plan was redrawn. 
Since the floor plan was obtained from WPI faculty; these dimensions are enough to help collect 
and produce an accurate outcome.  
 
                                                                    
 
   
 
Figure 1. Existing Floor Plan of Current Attic
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The attic entrance is located behind a door labeled “205” which is on second floor. This 
door provides the only access to the attic. The attic can be broken into three sections; section 1 is 
located on the main floor and sections 2 and 3 are the areas which have the extended building 
Section2 Section1 Section3 
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wings. Section 1 contains mechanical equipment, a cage room, stairwell and some piles of boxes. 
Section 2 and 3 contain bookshelves and many old papers and files, boxes of papers, old chairs, 
desk and computer equipment, etc.  
There is some mechanical equipment in this main area (section1). The primary equipment 
is two ventilation systems; one is primarily used to ventilate the labs in the basement and the 
other is located behind the primary ventilation system used on purpose to generally exhaust the 
building. Along the mechanical equipment, there is a chimney which is constructed of bricks. 
Also, right next to the ventilation system, there is a cage room which has walls composed of 
wood stud framing and metal chain link fencing. There is a sprinkler system which is composed 
of steel pipes and this sprinkler system using in attic is dry pipe sprinkler system. Figure 2 shows 
the location of the mechanical equipment, chimney and caged storage room.  
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Figure 2. Condition of Current Attic 
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Roof of Kaven Hall has 4 dormers which have the same dimensions. Two are facing the 
west and the other two are located at each end of the building which is facing north and south 
respectively. Roof composition is ½” slate shingles on top of ½” lumber sheathing on top of ¾” 
plywood. Beneath those layers are the wooden rafter made of 2” by 12” Douglas-Fir which are 
33‟ long, and connected every 16” on center. Also, W-section steel beams are used to support the 
entire main roof.  Two parallel rows of steel beams which are W 8X48 and W12X35 connected 
to the wooden rafters, and two rows of steel columns which have W8X48 and steel pipes which 
have 4” diameter are run entirely on the roof by steel beams. Collar ties are 2” by 8” Douglas-Fir 
which connected every 4‟ on center; these are located 11‟ from the floor of main roof and 7‟ 
from the floor of two extension roofs.  
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4. Fire Safety  
4.1 Automatic Sprinkler System  
Since the sprinkler system in the attic is an obstacle to use as an open space, Kaven Hall 
needs a new automatic sprinkler system that will not impede the process of egress. A dry pipe 
sprinkler system is filled with air or nitrogen, rather than water. The system employs automatic 
and closed-type sprinkler heads, which are connected to a piping system. In areas where the 
temperature cannot be maintained above 40 , installation of dry sprinkler system is 
recommended, and since Kaven Hall falls under this category, dry sprinkler system will be a 
good option. 
 
4.2 Mean of Egress  
To renovate a building, each story of the building must have two-way communication for 
rescue assistance, and a primary entrance to the building that complies with ADA accessibility 
guidelines. Consequently, due to only a single stairwell leading up to the attic, this results in a 
high traffic for both the entrance and the exit of the room. To solve this problem, the current attic 
and the new floor need two stairwells, located on each side of the building, in the same location 
as the currently existing stairwell to provide access from the basement to the attic. Figure 3shows 
the proposed location of a new stairwell for the new floor and new attic.  
 
22 
 
 
Figure 3. Proposed Location of New Stairwells 
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5. Design and Analysis 
5.1 Solar Panel Design  
Solar energy is one of the most promising forms of renewable energy. One of the ways 
that the solar energy can be converted to electricity is through photovoltaic system.
4
 Photovoltaic 
cells, called PV cells or solar cells for short, are made up of silicon and electricity is produced 
when sunlight strikes the solar cell. The solar cell can supply energy to anything that is powered 
by batteries or electrical power. Since this system has lots of advantages in terms of cost-
effectiveness and sustainability, PV Solar panel is considered for installing in Kaven Hall. There 
are some advantages of installing solar energy.  
 Fuel risk advantage: There is no fuel price volatility or delivery risk for solar power, 
which gives an edge over fossil and unclear fuels. A solar power system with the right size, 
design and configuration can be highly reliable, being able to withstand the variance of the 
amount of sunlight over the different seasons throughout the year to provide a fixed price 
supply of electricity.   
 Reliability: Implementing solar power system is one of the most highly reliable methods 
to produce electricity. Also, these systems contain no moving parts which mean regular 
maintenance is not required. Accelerated aging tests have shown that other than the 
occasional cleaning of the surface, the solar power system can operate for more than 30 
years without any major maintenance. 
 Environmental Advantage: One of the most cleanest source of generating electricity, solar 
power systems do not produce any noise, vibration or emit air or water. It is also 
environmentally friendly and generates no waste material. 
24 
 
To determine the life-cycle cost of PV system, it is important to know the lifecycle cost. To 
do this, average monthly electric bill of Kaven Hall is essential in determining required solar 
system capacity. However, from the main meter located in the Power House, there is no way of 
separating out Kaven Hall alone.
5
 Therefore, average monthly electric bill of Kaven Hall is 
assumed to be around $2,000 which is equivalent to 11,364 kWh of electric usage according to 
the National Grid Company.  Assumption is based on electricity bill of similar buildings in WPI. 
After making an assumption of the monthly electric bill, some facts and assumptions were 
considered to find the lifecycle cost.   
 Solar rating of Massachusetts is 4.29 kWh/ m2/ day.  
 Assumed price of $8 per watt DC (Figure 4) 
 Total energy delivered is 78% (Table 2) 
 Utility Annual Inflation Rate is 3.78% 
 
 
 
Figure 4. Assumed Cost Ratio of PV Solar Panel 
 
 
 
 
 
 
60% 
10% 
15% 
15% 
Assumed Cost per Watt DC 
Solar panels Inverter Labor Balance of System
Assumed cost per watt DC is determined by solar photovoltaic(PV) panel, inverter, direct 
labor and balance of system(BOD).  
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Table 2. Assumption for Condition of Delivered Energy 
Factor Assumption 
PV Energy delivered as % of 
manufacturer’s rating 
95% 
Soiling, Wiring & Power point tracking 
losses 
9% (91% delivered) 
Inverter Efficiency 90% 
Total Energy Delivered 95% x 91% x 90% =78% 
 
 
Based on the estimated required solar system capacity and the desired roof area, an equivalent 
annual production and gross cost was determined. Required System Capacity (kW) is calculated 
as follows: 
 Annual usage = Monthly Usage x 12 months 
 Required Solar system capacity = (Annual Usage) / (78% x 4.29 kWh/m2/day x 365 
days/year) 
For the desired roof area, the typical amount, which is 10 watts per ft
2
, was assumed.  
National average emissions factor for electricity is 1.64 pounds of CO2 per kilowatt-hour.  
Table 3 and figure 5 are the result of the conditions of providing 50 % of electricity using solar 
system, on average, over the course of a year. 
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Table 3. Result of the Condition of Providing 50% of Electricity  
Required Solar system capacity  55.83kW of peak power  
Roof area needed 5,583 ft
2
 
Equivalent annual production  68,184 kWh 
Assumed installation gross cost  $ 446,609 
Greenhouse Gas(CO2) Saved 1398 tons 
 
 
Figure 5. Life Cycle Cost of the Condition of Providing 50% of Electricity 
 
Table 4 and figure 6 are the result of the condition of providing 30 % of electricity through solar 
power, on average, over the course of a year. 
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Table 4. Result of Providing 30% of Electricity 
Required Solar system capacity  33.50kW of peak power  
Roof area needed 3,350 ft
2
 
Equivalent annual production  40,910 kWh 
Assumed installation gross cost  $ 267,966 
Greenhouse Gas(CO2) Saved 839 tons  
 
 
Figure 6. Life Cycle Cost of Providing 30% of Electricity 
 
5.1.1 Cost Estimate with Rebate Program  
There are two rebate/incentive programs available to non-profit buildings for the 
installation of photovoltaic (PV) system in Massachusetts, which are Commonwealth Solar 
Rebate and RPS Solar Carve-out Program. However, the system size required for Kaven Hall is 
not eligible for the Commonwealth Solar Rebate Program since they require smaller types of 
systems in the 1-10kW range. On the other hand, RPS Solar Carve-out Program is still eligible to 
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finance the solar electricity. The RPS (Renewable portfolio standard) Solar Carve-out Program is 
a market-based incentive program that was created to develop a market for Solar Renewable 
Energy Credits (SRECs), each of which represents one megawatt-hour of solar electricity 
generation. Massachusetts will set a requirement that utilities a certain amount of their electricity 
portfolios from solar power, either through ownership of solar generation or the purchase of 
SRECs from privately owned projects.
6
  
How RPS program works 
When a qualifying renewable energy source generates a megawatt-hour of electricity, it 
creates a financial product SRECs. Like stocks, bonds, and other financial products, SRECs can 
be bought, sold, or traded among utility companies and energy producers through brokering 
intermediaries. Utilities can accumulate enough SRECs through this trading system to satisfy a 
state's renewable portfolio standard. Over time, the renewable portfolio standard promotes the 
development of clean energy by increasing the amount of SRECs that a company must purchase 
every year.
6 
 SRCEs incentive: equivalent annual production (kWh)*0.285($)*10 years 
Net cost is the estimated gross cost of installation, subtracting any and all financial incentives, 
even those that may materialize after installation.  
Table 5 and figure 7 are the result of the conditions of providing 50 % of electricity through solar 
power, on average, over the course of a year with RPS Solar Carve-out Program. 
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Table 5. Result of Providing 50% of Electricity with Solar Carve-out Program 
Required Solar system capacity  55.83kW of peak power  
Equivalent annual production  68,184 kWh 
Assumed installation gross cost  $ 446,609 
MA DOER- Solar Renewable Energy Credits 
(SRECs) 
$ 194,324.4 
Net cost  $ 252,284.6 
 
 
Figure 7. Life Cycle Cost of Providing 50% of Electricity with Solar Carve-out Program 
 
Table 6 and figure 8 are the result of the conditions of providing 30 % of electricity through solar 
power, on average, over the course of a year with RPS Solar Carve-out Program. 
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Table 6. Result of Providing 30% of Electricity with Solar Carve-out Program 
Required Solar system capacity  33.50kW of peak power  
Equivalent annual production  40,910 kWh 
Assumed installation gross cost  $ 267,966 
MA DOER- Solar Renewable Energy Credits 
(SRECs) 
$ 116,593.5 
Net cost  $ 151,372.5 
 
 
Figure 8. Life Cycle Cost of Providing 30% of Electricity with Solar Carve-out Program 
 
5.1.2 Result  
The electricity provided by solar panels has over 50% of efficiency in life cycle costs for 
both providing 30% of electricity and 50% of electricity. However, providing 30% of electricity 
is more appropriate to the design of Kaven Hall. The required roof area for providing 30% of 
electricity is more reasonable since dormers and skylights design proposals are included in the 
new roof of the Kaven Hall. Therefore, 33.50kW of solar system capacity is required and this 
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provides 40,910kWh of annual electricity. This system has a net cost of $151,373 and has a 
breakeven point during the16
th
 year and would save 839 tons of greenhouse gas (CO2). The 
calculation of life cycle cost is shown in Appendix A. 
 
5.2 Roof Design 
5.2.1 Roof Insulation  
The Code of Massachusetts Regulation also sets regulations for insulation installed in 
buildings and that insulation must meet the required R-Value which is the measure of thermal 
resistance. Required R-Values are categorized by the county of the building locations. Since 
Worcester is in the 14a climate zone and the new roof design proposal will consist of steel 
framing, new roof is required to satisfy R-25. This value was determined using the table 7 from 
780 CMR. 
 
Table 7. Building Envelope Requirements
7 
Roof Assemblies. (either/or) Insulation Between Framing Continuous insulation  
All-Wood Joist/Truss R-25 R-19 
Non-wood Joist/Truss R-25 R-20 
Concrete Slab or Deck NA R-19 
Metal Purlin with Thermal 
Break  
R-30 R-20 
Meta Purlin w/o thermal Break  NA R-20 
Table 1304.2.10 Building Envelope Requirements for Climate Zone 14a from 780 CMR 
 
The current roof of Kaven Hall has a 2.4 R-value. The new roof is proposed with having 
higher R-value making up for the poor insulation in the current roof.  Tables 8 and 9 present R-
value of current roof and proposed roof assemblies. 
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Table 8. R-value of Current Roof  
Materials R-value 
½” slate  0.05 
¾” plywood sheathing 0.94 
½” wood lumber 0.63 
Outside air film 0.17 
Inside air film 0.61 
Total 2.4 
 
 
Table 9. Proposed Roof Assemblies and R-value  
Materials R-Value 
½” slate 0.05 
¾” plywood sheathing  0.94 
½” gypsum board  0.45 
6” loose cellulose 22.8 
Inside air film 0.61 
Outside air film 0.17 
Total  25.02 
 
Proposed materials for the new roof have positive reasons to be chosen. Gypsum board is 
a common roof insulation option with high water-resistance and non-combustible properties. 
Also, gypsum board is good as a barrier against not only heat and cold, but also moisture and 
dampness.  Cellulose insulation is one of the greenest materials which is made primarily from 
recycled newsprint and recycled paper treated with borate for fire resistance. Loose fill is blown 
in to add insulation depth to areas such as attics, where the existing insulation is not 
sufficient.  Also, Cellulose insulation has low-toxicity, low impact production, excellent sound 
insulation. The slate roof tiles have no chemicals or additives since they are made from natural 
slate stones. The slate tiles can last for 175 years, thus reducing waste and can be salvaged. 
Therefore, reusing the slate of current roof is proposed.   
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5.2.2 Roof Type  
For designing the roof of Kaven Hall a gable roof type was proposed. Gabled roofs are 
one of the most common types of sloped roofs in which there is a triangular portion of a wall 
between the edges of a sloping roof. The current roof of Kaven hall is a hipped type of roof 
where all sides are sloped downwards to the wall. The main reason why gabled roof was chosen 
over hipped roof is that gabled roof provides more space and more natural light. Since we want 
to use attic space, this is an important factor. Also, gabled roofs are designed in a way to help 
water runoff. The angled sides which act as slides use gravity to help water run down from the 
roof. They are also very convenient in climates that receive heavy snowfall. One of the main 
advantages of the gabled roof is that it is considerably cost efficient because these are ubiquitous 
and it is the most common roof design used in the United States, and the gabled roof frame is 
easy to construct.  
 
5.2.3 Alternative Roof Design  
New roof of the Kaven Hall is designed with gable shaped roof with a height of 17ft for 
main roof and 11ft for extended roof. In order to determine the applied loads, Code of 
Massachusetts Regulation was used. Worcester region requires supporting of snow load of 35psf 
in accordance with 780 CMR 1610.2.
7
 Since live load of Kaven Hall is 20psf according to 780 
CMR Table 5802.4,
7
 the snow load governed. Table 10 shows the roof load condition as shown 
below. 
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Table 10. Load Condition for New Roof 
Dead Load Materials Loading 
½” slate 20 psf 
¾” plywood sheathing 2.25 psf 
½” gypsum board 2.2 psf 
6” loose cellulose 0.84 psf 
Solar panel 4 psf 
MEP 5 psf 
Total 34.29 psf 
Snow Load  35 psf 
 
To design a new roof for Kaven Hall, two options of structural design are considered. In 
the first option, beams were designed using steel W flange section, and these would be placed 
parallel to each other and perpendicular to the roof ridge and the rafter plate. In the second option, 
open web steel joists would be used instead of W-beams. Girders would be placed perpendicular 
to the rater plate like option one but they would be connected by a series of open web steel joists. 
Therefore, the joists would run perpendicular to girder and parallel to the rater plates. Figure 9 
and10 show the two design framing options. 
Beam spacing was determined by considering clearance on either side of the members 
and cost that would be the most economical. To design beams for the main roof and the extended 
roof, 2‟ of overhang was considered. The most economical option was chosen for roof design; to 
do that, cost estimate for both options was completed.  
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Figure 9. Roof Design Option One 
 
  
Figure 10. Roof Design Option Two 
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5.2.4 Result  
After comparing the cost estimates of both design options, the estimated total cost of 
option one is $104,978 and option two is $69,198. It follows that option two is more economical 
than option one, and open web steel joists have a lot of advantages for roof framing systems. Not 
are they only economical but also light weight with an exceptionally high strength to weight ratio. 
Since the project focuses on adding an additional floor, light framing and cost efficiency are 
considered as the main factor. Therefore, roof design option two was chosen to design the new 
roof of Kaven Hall. The calculation of roof design is shown in Appendix B, and table 11 and 12 
are member selection and total cost of roof design option one and option two. 
 
Table 11. Member Selection and Cost Estimate of Roof Design Option One 
 Main roof Extended roof 
Member type  Rafter Ridge 
beam 
Rafter 
plate 
Rafter Ridge 
beam 
Rafter 
plate 
Valley 
rafter 
Selected beam size  W12X14 W18X35 W16X26 W8X10 W16X31 W18X40 W12X22 
Unit cost ($/LF) 
(Material+Equipmen
t+labor) 
21.67 48.18 35.66 19.04 42.13 54.18 31.23 
Total linear feet  2397.6 144 288 910 100 131.2 94 
Total cost ($) 51,956 6,938 10,270 17,323 4,213 7,108 2,936 
Total cost ($) 104,978 
 
 
Table 12. Member Selection and Cost Estimate of Roof Design Option Two 
 Main roof Extended roof 
Member type  Open web joist Girder   Rafter 
plate  
Open 
web joist 
Girder  Rafter 
plate  
Valley 
rafter  
Selected beam size  16K3 16K4 W21X44 W18X35 12K1 W16X31 W18X40 W12X22 
Unit cost ($/LF) 
(Material+Equipmen
t+labor) 
6.31 6.7 58.12 48.18 7.36 42.13 54.18 31.23 
Total linear feet  1700 288 388.8 288 792 100 
 
131.2 94 
Total cost ($) 10,727 1,930 22,597 13,876 5,829 4,213 7,108 2,936 
Total cost ($) 69,198 
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Figure 11. Typical Open Web Steel Joist Roof 
19 
 
5.3 Dormer and Skylight Design  
Dormer and skylight are proposed for providing natural light and ventilation to attic 
space. Dormer can help increase potential space within the loft. For the dormer of Kaven Hall, 
gabled type, a triangular shaped section of a wall leading up to the roof having an extended 
portion, was proposed. The sloped shape of the gable dormer helps prevent a buildup of rain and 
snow. This can help prevent wear and tear on your roof and prevent the weight of it from 
creating too much pressure. A major advantage of a dormer gable is the cost. It is less expensive 
than other type of dormers and because of this it is popular and common since high demand 
helps keep the price low. To design dormers, rafter will be doubled on the bottom and top. 
Design two dormers will be supported by upper and lower headers which will be W12X14 
sections. To maximize the amount of natural light in the building which can further help cut 
down on electric bill, installing skylight is proposed. Proposed location of skylights in roof 
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would provide rooms with additional light which are not illuminated by the dormers. Proposed 
skylight sizes are 44”X46” and 28”X38” for different rooms. To determine skylight size for each 
room was considered as 15% of the room‟s total floor area since the illumination level and 
temperature of space depends on the physical size of the skylight. Figure 12, 13 and 14 show 
proposed location of the dormers and skylights.   
 
 
Figure 12. Proposed Dormer Location 
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Figure 13. Typical Gable Roof Framing 
 
 
Figure 14. Proposed Location of Skylights 
 
 
W12x14 
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5.4 Floor design 
5.4.1 Existing Member Capacity  
Unfortunately, there is no way of getting information on the location of the columns in 
Kaven Hall. So the column locations needed to be assumed using the current floor layout of the 
Kaven Hall. In order to determine the most reasonable locations for the columns, layout of 
basement, 1
st
 and 2
nd  
floor of  the Kaven Hall were considered.  Also, after measuring the 
concrete wall and exterior wall by using a tape measure, the exterior wall thickness was found to 
be 18”, and interior and corner columns were assumed to have the dimenisons of 18”X18”. 
Figure 15 shows that an 18”X18” is sufficient enough in capacity to add an addtional floor since 
the compressive aixal load on the column is 543.5 kips. Girders are calculated by making 
assumptions which resulted in dimensions of 18”X24”. Reinforcement ratios are used in the 
range of 1% to 2% since this range will usually be the most economical. Red line in the figure 
presents compressive aixal load on the column, and the blue line presents renforcement ratio of  
2%. 
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Figure 15. Design Chart For Square Columns
14
 
 
Figure 16 to Figure 20 show the location of the columns for current floors, the renovated 
attic and the new attic. These figures show that the assumed column locations does not affect any 
space in the current floors and the renovatred floors and on the installation of the elevator.  
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Figure 16. Column Location and New Attic 
 
Figure 17. Column Location and Renovated Attic 
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Figure 18. Column Location and Current 2
nd
 Floor 
 
Figure 19. Column Location and Current 1
st
 Floor 
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Figure 20. Column Location and Current Baement Floor 
 
5.4.2 Floor Beam and Girder Design  
Floor beams and slab of new floor were designed as a fully composite system with metal 
decking. Unshored construction was used. The composite steel deck can provide a safe working 
platform and stabilize the frame. It also provides positive bending reinforcement to resist floor 
loads. The composite system can take advantage of the concrete floor strength and reduce beam 
sizes which can lead to an economical solution. The floor was designed with 2.5”concrete slab 
over 3”metal decking. Metal deck was designed with 3”-Lock-Floor which can satisfy allowable 
live load.  
Beams, Girders, and columns for floor system were designed with a steel strength fy of 
50ksi and concrete compressive strength f‟c of 3ksi.  For design of shear studs, ¾ inch diameter 
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studs were used, and spacing of the studs meets minimum and maximum spacing standard. Table 
13 shows design load condition. 
 
Table 13. Load Condition for Floor Design 
Dead Load  Concrete slab including 
reinforcing steel and metal deck 
54psf 
Mechanical/electrical  5psf  
Insulation  5psf 
Total 64psf 
Live Load   100psf  
 
Since unshored construction is adopted, 20 psf of additional concrete live load must be 
considered which accounts for the weight of wet concrete. Floor beams were designed with the 
following method, 
1. Determine Required Flexural Strength: 
The flexural resistance required was obtained using the following equation 
Mu = 
   
 
 
(1) 
where w is the load per linear foot of beam obtained from tributary widths and L is the span of 
the beam.   
 
2. Select Section and Properties: 
The design flexural strength  Mn is determined by using AISC Manual Table 3-19 with two 
values Y1 and Y2. Since fully composite design is used, the Plastic Neutral Axis (PNA) is 
assumed to be on the top of the flange and resulting in the distance from the top of slab to top of 
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flange being the full length of the deck and slab together. Therefore, Y1 can be assumed 0, and 
Y2 can be determined by using the equation 
Y2 = Ycon - 
 
 
 (2) 
where the value of Y2 is the distance from the top of the steel flange to the center of the slab and 
a value of „a‟ is the effective concrete thickness which can be computed by using the following 
equation  
a = 
     
          
                 (3) 
where a value of As is the cross-sectional area of beam and the effective width of the flange, b is 
determined using the AISC specification   
b = min of [ 
 
 
 * beam span, or 
 
 
 * beam spacing]                                                           (4) 
 
3. Compute number of Shear Studs Required: 
The number of studs for each side required for full composite action was obtained using an 
equation 
Required number of shear studs 
∑  
  
                                (5)  
where ∑  , the concrete flange force is determined by 
∑                           (6) 
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The nominal horizontal strength of stud, Qn was obtained using an equation 
         √                                     (7) 
where Asc is the cross-section of the shear stud, Ec is the modulus of elasticity. 
Spacing of the studs must be checked to see if it is in-between the maximum and minimum 
spacing standards. The minimum permissible spacing is 6 diameters in longitudinal axis and 4 
diameters in the transverse axis. The maximum permissible spacing is 8 times the total slab 
thickness.  
 
4. Deflection Check: 
Beams that are unshored were checked for deflection under dead loads using 
                                  (8)  
where w is the unfactored load per linear foot of beam, and E and I are the modulus of elasticity 
and moment of inertia beam.  
The maximum allowable deflection must not exceed either L/360 or 1-in. Beams that are 
composite were checked for deflections under live loads using 
                   (9) 
where I is the lower bond elastic moment of inertia which can be determined from the AISC 
Manual Table 3-20 and the maximum allowable deflection must not exceed either L/360 or 1-in.  
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5. Shear Check  
Shear stress check can be performed and the maximum allowable shear stress value can be 
determined using AISC Manual Table 3-6. From the side view, a composite beam looks like the 
following 
 
 
 
 
Figure 21. Side View of Composite Beam
18 
 
Girder design is the same as the beam design above. However, it is important to consider 
that the loads acting on the girder is different to the beams as there are beams acting on the girder 
to cause additional loads. The beams can be viewed as concentrated loads acting on the girder 
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and the girder self-weight can be viewed as uniform load acting on the girder. New tributary area 
needs to be determined as well as the new effective width of the slab. Calculations of beam and 
girder design are found in Appendix C, and all interior beams and girders were designed using 
the same method. Exterior beams and girders were designed to support 46psf of wall weight 
which is equivalent to an 8” clay brick. This design load was determined using the Minimum 
Design Loads for Buildings and Other Structures, ASCE7. 
 
5.4.3 Column Design   
 The interior columns of new floor were designed for carrying gravity loads only because 
all of the beam connections are pinned. Since column members are assumed to be pinned-pinned 
connections, unbraced length is 12ft which is the maximum floor height with effective length 
factor (K) of 1.0. Design for the interior columns is shown in Appendix C.   
 
5.4.4 Result  
 The figure 22 and table 14 show floor design layout of the new floor and designed 
member sizes of beams and girders. The column sizes are found to be W14 38 for interior 
columns of the new floor. 
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Figure 22. Design Floor Layout of New Floor 
 
Table 14. Member Selection of Beams and Girders for Floor Design  
Member Type  Member Size  Number of ¾” 
Studs 
Interior Beam  Beam 1   W 14 X 22 34 
Beam 2  W 16 X 26 40 
Exterior Beam  Beam 3 W 16 X 31 46 
Beam 4 W 18 X 40 60 
 
Member Type Member Size  Number of ¾” Studs 
Interior Girder Member  Girder 1 W21X55 82 
Girder 2 W16X26 40 
Girder 3 W14X22 34 
Exterior Girder Member Girder 2 W16x26 40 
Girder 3 W14x22 34 
Girder 4 W24x68 100 
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5.5 Floor Layout 
To design the floor layout, the available space for the renovated attic was determined. 
The amount of available space of 3
rd
 floor is the same as the 1
st
 floor and 2
nd
 floor, which is 
about 9249 ft
2
 excluding the elevator, the two stairwells and mechanical equipment. The current 
attic has mechanical equipment and a chimney in the middle of the attic space; they will be 
relocated to the new attic to reserve more space in 3
rd
 floor. Usable area of the new attic must be 
calculated by considering the slope of the roof, Code of Massachusetts Regulations which states 
that the amount of head space required needs to be no less than 7 feet and 6 inches,
7
 and space 
for the mechanical equipment that includes the ventilation system. Also, since the extended area 
will be proposed to be used as a book storage area, available space was calculated with head 
space of 7 feet in accordance with 780 CMR 1208.2.
7
 The available space of the new attic is 
determined to be about 4707 ft
2 
excluding the elevator, staircases and mechanical equipment. 
After determination of available space, possible floor layout proposed is designed with the code 
specifications. 
 
 According to 780 CMR 1208.2, occupiable spaces, habitable spaces and corridors shall 
have a ceiling height of not less than 7 feet 6 inches. Bathrooms, toilet rooms, kitchens, 
storage rooms and laundry rooms shall be permitted to have a ceiling height of not less 
than seven feet. 
 The CMR states that dead end corridors must be shorter than 20 feet. 
 According to 780 CMR 1016.3, more than one exit or exit access doorway is required, 
the exit access shall be arranged such that there are no dead ends in corridors more than 
20 feet in length.  
 According to 780 CMR 1003.2, the means of egress shall have a ceiling height of not less 
than 7 feet. 
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 According to 780 CMR 5311.3, the minimum width of a hallway shall be not less than 3 
feet.  
 
Capacity for each room was also determined using the following average space for a 
person; 20 ft
2 
for classroom and bathroom, and 25ft
2
-30ft
2
 for conference room, lounge space, 
prof. office, faculty office, tech suit, individual study space, senior project room and copy room. 
Floor design was conducted with the Smart Draw software. Tables 15 show proposed area of 
each room and capacity, and figure 23 shows a proposed possible floor layout of the renovated 
attic and new attic.    
 
Table 15. Proposed Area of Rooms and Capacity 
Rooms Proposed Area (ft2) Capacity 
Classrooms  800-900 40-45 
Conference Room 425 14 
Lounge Space 1260 40 
Prof. Office(7) 160 5 
TA Office  525                                                                                        21
Tech Suit(4)  180 6 
Individual Study Space (2) 325 10-11 
Senior Project Room 425 14-15 
Copy Room (New floor) 375 12 
Copy Room (New attic) 200 6 
Bathroom (2)                                                                                                                                                                                        160 8 
Book storage (2) 530 N/A 
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Figure 23. Proposed Floor Layout 
Faculty Office  
Renovated Attic  
New Attic  
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5.6 Stair Design  
 
New stairwells from 2
nd
 floor to current attic and from the current attic to the new floor 
are proposed to be located at the same location, and designed as the same type as the current 
stairwell. These stairwells have a 5‟ x 10‟ platform located between the two floors, and stairs 
with 1‟ of tread and 6” of rise. To design the stair, design load was determined; 50psf of dead 
load was determined by self-weight of slab and self-weight of steel pan, and 100psf of live load 
was determined from ASCE 7 table 4-1. Design calculation for stair is shown in appendix D. 
Figure 24 and table 16 present the plan of the stair design and member selection.   
 
 
 
 
 
Figure 24. Stair Design Layout and Elevation View 
5ft 
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Table 16. Member Selection of Stair Design 
Member type  Member size  
Stringer 1  W8X10 
Stringer 2 W12X16 
Landing Beam 1 W10X12 
Landing Beam 2 W8X10 
Floor Beam W8X15 
Column  W8X15 
 
5.7 Elevator Design  
All persons including the disabled shall have access to all floors and accessible elevators 
shall be on an accessible route and shall comply with ADA 4.10 and ASME A17.1-1990, Safety 
Code for Elevators and Escalators. Therefore, the addition of an elevator to Kaven Hall can meet 
the code compliance and need for the disabled. The Proposed location of the elevator is at the 
location of the stairs of the current attic which is the location of the copy room on the first floor 
and a closet in the basement room. This location is considered as the best option to cause the 
least of disturbance to the rest of the building. Proposed type of elevator is holeless hydraulic 
which is suitable for low- rise building and the existing building. Also, holeless hydraulic 
elevator has a benefit of minimizing the risk of soil and ground-water contamination since this 
type of elevators use a telescoping jack system and the jack mounts directly on the floor avoiding 
the need to drill holes in the ground. Proposed elevator capacity is 2500lb which is a typical 
passenger elevator at WPI.  
To design the elevator shaft frame, specific loads such as the cap weight of the elevator 
and the counterweight and capacity of the elevator are considered. Also, all elevator loads shall 
be increased for impact loads which are assumed as dynamic loads resulting from the motion of 
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machinery. Therefore, to design supporting members of the elevator, the dead load and live load 
was doubled. 
 Elevator shaft was designed as moment resisting frame, and the design provides frame 
stability analysis in second order analysis. It is important to perform a second-order analysis of a 
member. Structural members being subjected to loads perfectly centered and placed are only 
possible in one‟s perfect ideal world. This is impossible in reality, and flaws such as structural 
members being crooked or columns containing brackets on the sides of the columns or framing 
angles to support the beams cannot be ignored. These eccentricities cause surplus moments in 
addition to the moments caused by gravity loads alone. These additional secondary bending 
forces are induced since members are not connected by frictionless pins. The design considers 
axial compression loads because while tension force reduces lateral deflections, compression 
force increases lateral deflections. This increase in lateral deflection due to axial compression 
forces leads to added moment and this also means a larger lateral deflection. Secondary moments 
will also increase when the frame is subject to sidesway and the ends of the columns are allowed 
to move laterally. A first-order analysis, which is done on members subject to bending and axial 
loads, excludes any and all secondary forces. Although not mandatory, it is highly encouraged to 
perform first-order analysis including the second-order effects on the same member. The flexural 
strength of the member must be equal to or bigger than the combined results of both the first-
order and second-order moments. Elevator shaft were design with the following method; 
To design the elevator shaft, load combination must be considered. In our case, seismic 
loads were used as the governing design lateral loads rather than wind loads. Therefore, effective 
length factor (K) can be assumed to equal 1.0 which is permitted by the seismic code. Designed 
elevator shaft withstands the most critical effects resulting from load combinations. Therefore, 
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1.2D+1.0E+0.5L+0.2S of load combination were using to determine the governing moment and 
axial loads. Using RISA 2-D Program, analysis was done one separately for the gravity loads and 
the lateral load to determine the axial forces and bending moments for the columns.  
To perform a second-order analysis, the factored axial forces Pnt from no-sway analysis 
and Plt from sway analysis and the factored moments Mnt from no-sway analysis and Mlt from 
sway analysis were calculated.  
∑H (total lateral story shear on that level) and ΔH (first-order interstory drift due to ∑H lateral 
forces) values were also determined. The total elastic critical buckling load Pe2, for the story was 
determined using the AISC Equation C2-6b: 
∑    = RM 
∑  
                      
(10) 
Since moment frame system was investigated, RM = 0.85 was used for this project. 
 
Amplification factor B2 was found using the following equation 
B2 = 
 
  
 ∑   
∑   
   1                (11) 
where α = 1.0 for LRFD.  
 
A modification factor Cm, which is used to reduce or modify a column moment, was found using 
the following equation from AISC Equation C2-4: 
Cm = 0.6 – 0.4(M1/M2)                  (12) 
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where M1/M2 is the ratio of the smaller moment to the larger moment at the ends of the unbraced 
length in the plane of bending under consideration. 
 
Elastic critical buckling load Pe1 for a column was found using the AISC EquationC2-5: 
Pe1 = π
2
EI/(K1L)
2                         
(13) 
This load capacity refers to the no sway gravity loading case, and K can be taken as 1.0 in this 
equation.  
 
Frame sway factor B1 was found using the AISC Equation C2-2: 
B1= 
  
         
  1                (14) 
where α = 1.0 for LRFD  
For B1, if the final value results in a number that is smaller than 1.0, B1 can be used 1.0. 
 
After all the values above were determined, the required second-order strength values were 
determined. Final moment in a particular member Mr, was found using AISC Equation C2-1a: 
Mr = B1Mnt + B2Mlt                          (15) 
Final axial strength Pr was found using AISC Equation C2-1b: 
Pr = Pnt + B2Plt                      (16) 
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After the required second order strengths were calculated, a check was performed to see if the 
chosen column section was good or no good to support the lateral and gravity loads. To perform 
the check, effective slenderness ratio was found using Ky =Kx= 1.0. Using the effective 
slenderness ratio, axial compression capacity Pn was determined. The critical stress cFcr for 
compression members were found using AISC Table 4-22 through interpolation. Once these 
values were determined the following equation was used to determine which interaction equation 
would be used.  
For Pr/Pc ≥ 0.2, AISC Equation H1-1a must be used 
For Pr/Pc < 0.2, AISC Equation H1-1b must be used. 
 
In order to use the interaction equations, nominal flexural strength Mn was determined by 
selecting the appropriate equation from AISC Chapter F accordingly to the zone the beam falls 
under. If the evaluation of the interaction is not equal or smaller than 1.0, the selected W section 
for the column is no good and a new W section should be selected. If this is the case, all the steps 
above should be re-evaluated using the new W section characteristics. 
 
Design calculation for the elevator shaft is shown in Appendix E, and table 17 shows the final 
result of elevator frame structural members. 
 
Table 17. Member Selection for Elevator Shaft 
Member type  Section size  
Column  W 8X24 
Girder  W 6X12 
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5.8 Wind design  
Wind loads were designed based on Minimum Design Loads for Building and Other 
structures, ASCE 7-10 for the main wind-force resisting system. A wind speed of 100 mph (870 
CMR Table 1604.10) and exposure category B were used for design of lateral wind loads. The 
design wind pressure was determined using the following equation 
Pz = qzGCp                          (17)  
where qz is velocity pressure which is evaluated at height z was calculated by the following 
equation 
qz = 0.0025 Kz Kzt Kd V
2                       (18) 
where  Kd = wind directionality factor in section 26.6 
Kz = velocity pressure exposure coefficient in section 27.3.1 
Kzt = topographic factor defined in section 26.8.2 
V = basic wind speed 
 
 Main area and extended area was determined by separate work with the method. Wind 
design contains of the design pressure calculation for wind in N-S and E-W direction 
respectively. Calculation for the wind design is shown in Appendix F, and table 18 shows 
designed wind based shear. 
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Table 18. Designed Wind Base Shear 
 Base Shear in the N-S Direction Base Shear in the E-W Direction 
Main Area 143.6 kips 77.3kips 
Extended Area 35.9kips 36.1kips 
 
 
5.9 Seismic Design 
The seismic loads were calculated according to the ASCE 7 and the International 
Building Code (IBC 2003). To determine the seismic response of the Kaven Hall, several factors 
must be considered and these values are designed with the following method. From IBC Figures 
1615, the maximum considered earthquake spectral response acceleration at short period, Ss and 
at one second S1 were determined. Also, depending on the soil properties at the site, the sited 
class definition was determined. In our case, site class D was used since it is allowed to assume 
site class D in the absence of sufficient details on site soil properties. The site coefficients Fa and 
Fc were determined from IBC Tables 1615.1.2(1) based on the magnitude of the maximum 
considered earthquake spectral response accelerations and site class. To calculate adjusted 
maximum considered earthquake spectral response acceleration SMS and SM1, following 
equations are used  
SMS = Fa Ss  SM1 = FV S1                             (19) 
Also, the five percent damped design spectral response acceleration at short period SDS, and at 
one second period SD1 were calculated with the following equations 
SDS =2/3 SMS  SD1 = 2/3 SM1                      (20) 
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The Seismic Design Category (SDC) is determined based on the seismic use group as defined in 
1616.2 which is group II in our case and the design spectral response accelerations. Since SDC 
of at short period is B and SDC of at one second period is C, SDC C was used to design which is 
more critical of the two categories.   
Design Base Shear   
The seismic base shear, V is calculated from  
V=CsW                                                (21) 
where Cs is seismic response coefficient, and W is the effective seismic weight of the structure 
which includes the total dead load and partition weight. Since current floors, new floor and roof 
have different weights, effective seismic loads were calculated for each floor.   
The seismic response coefficient, Cs is determined with the following equation 
Cs = 
    
(
 
  
) 
                                     (22) 
R is the modification factor from ASCE Table 9.5.2.2 and IE is the occupancy importance factor 
from ASCE 9.1.4. R=1 and IE=1.25 were used in our case. T is approximate natural period of the 
structure. 
Distribution of Seismic Forces 
The design base shear V is distributed at different floor levels as follows 
Fx = V 
    
∑     
 
   
                         (23) 
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where Fx is the lateral force at floor level x, hi and hx are the height in feet for the base level to i 
or x, and wi and wx is the portion of w assigned to level i or x.  
Calculation for the seismic design is shown in Appendix G, and table 19 presents calculated 
lateral forces at each level of the renovated Kaven Hall. 
Table 19. Calculated Lateral Forces and Story Shear 
level  lateral force (Fx, kips) story shear (Vx, kips) 
roof 44.70 44.70 
4 35.18 79.89 
3 30.53 110.42 
2 20.36 130.78 
1 10.18 140.95 
∑ 140.95  
 
 
5.10 Shearwall Design  
To resist lateral loads, shear walls were designed around elevator. Shear wall was 
designed with reinforced concrete with strength of reinforcement (fy) of 60ksi and concrete 
compressive strength (f‟c) of 4ksi. Rebar sizes and spacing were determined with assuming a 
solid core with no openings. Shear wall designed for both shear and flexure strengths. Since 
design for horizontal shear forces can be critical for structural walls with low-rise buildings, 
design for shear strength is considered. Considering flexural strength of shear wall is important 
because walls are subjected to axial load or combined flexure. For rectangular shearwalls 
containing uniformly distributed vertical reinforcement and subjected to combined axial load, 
bending and shear. To determine nominal moment capacity of wall in accordance with the 
provisions given in ACI Chapter 10, following equations can be used  
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                (24) 
where  Ast = total area of vertical reinforcement, in.
2 
lw = horizontal length of wall, in.  
Pu = factored axial compressive load, kips 
 
fy = yield strength of reinforcement =60ksi  
 
 
  
 = 
   
         
, where    = 0.85 and f‟c = 4000psi  
 
w =  
   
   
 
  
   
 
 
   
  
      
 , where h = thickness of wall, in. and   = 0.90 
 
Design calculation for shearwall is shown in Appendix H, and figures 25 show designed required 
reinforcement for the shearwall and typical RC core around elevator. 
 
 
              
                
Figure 25. Required Reinforcement for Shearwall and Typical RC Hollow Core around Elevator  
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5.11 Story Drift Determination  
The design story drift shall be computed as the difference of the deflections at the top and 
bottom of the story that are to be taken into consideration. Where allowable stress design is used, 
story drift shall be determined using unfactored seismic loads. The deflection of level x, story 
deflection shall be determined in accordance with the following equation 
    
      
  
                               (25) 
where    is the story deflection at level x, Cd is the deflection amplification factor from ASCE 
Table 12.2-1. In our case, 3, and      is elastic lateral deflection obtained from Mastan2, elastic 
analysis using the design seismic forces in the E-W direction. IE is the occupancy importance 
factor which is 1.25 in our case. Maximum allowable limits for story drift deflection specifies 
ASCE 7, and maximum allowable story drift for all other structural and Seismic Use Group II is 
given by ASCE 7 Table 9.5.2.8, 0.015hsx 
where hsx is the story height below level x. Since Kaven hall was proposed to be a height of 65 
feet, the deflection at the roof level was required to be less than 0.975” and deflection of the 
proposed building is 0.915”.    
 
5.11.1 P-Delta Effect 
Since seismic forces cause the structure to deflect laterally, secondary moments are 
induced in the structural members due to eccentricity of gravity loads.  
P-Delta effects are not required to be considered if the stability index   is equal to or less than 
1.0. the stability index   is calculated with the following equation 
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                   (26) 
where  PX=total unfactored vertical design load at and above level x (kips) 
 =design story drift (inches) occurring simultaneously with Vx 
VX =seismic shear force (kips) acting between level x and x-1 
HSX=story height below level x  
Cd =deflection amplification factor  
 
The stability coefficient  , shall not exceed      calculated as follows 
     
   
   
                                             (27) 
where   is the ratio of shear demand to shear capacity for the story between level x and x-1 
which may be conservatively taken equal to 1.0 
In our case,      were calculated to be 0.167 and   for the building at roof level were 
determined to be 0.017, the P-Delta effects are not required to be considered.  
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6. Cost Estimate 
The cost estimate is an important step to determine whether the design meets the project 
budget. To estimate the cost of the proposed renovation, quantity takeoff was performed, and the 
cost estimates were developed using RS Means Building Construction Cost Date 2010. The total 
estimated cost was determined based on the cost of material, equipment, labor and also included 
10% of the installing contractor‟s overhead and profit (O&P). The cost estimate was classified 
into different categories: structures, sitework, interior, exterior, mechanical equipment and solar 
panel.  
Elements of each category include the following;  
 Structures - structural steel for framing of roof, floor, elevator, stairs, and also includes 
concrete slab, metal deck, shear studs and shear wall design.  
 Exterior - exterior wall, insulation of roof and wall, dormer, and windows 
 Interior - ceiling, painting, doors, chimney brick with flue and plumbing fixtures 
including toilet, urinal and sink  
 Site work - demolition work in current attic including roofing, slab for elevator shaft, 
sprinkler pipes, cage room, and moving work for mechanical equipment   
 Mechanical and electrical system - elevator, sprinkler, drinking fountain and HVAC.  
 Solar panels - assumed installation gross cost from section 5.1.1.  
  Cost analysis is shown in Appendix I, and table 20 and figure 26 show the cost estimate in each 
category and the break down of the total cost. The cost of proposed renovation was calculated to 
be approximately $1,760,000.  
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Table 20. Cost Estimates for Each Category 
Sub-Area  Material ($) Labor ($) Other/Equipme
nt ($)  
Total ($) 
Structures  258,365 35,849 13,102 307,315 
Exterior 109,714 89,063 1,994 200,771 
Interior 59,451 78,528 0 137,979 
Site work 0 428,193 805 428,998 
Mechanical 44,820 4,358 206,940 256,118 
Solar panel  160,780 53,593 66,992 267,966 
10% of O&P  63,313 67,619 28,984 164,916 
Estimate Total 696,442 743,802 318,815 1,759,059 
 
 
 
Figure 26. Break Down of Total Cost 
 
 
 
 
17.49 % 
11.43 % 
7.75 % 
24.42 % 
14.58 % 
15.25 % 
9.09 % 
Structures
Exterior
Interior
Site work
Mechanical
Solar panel
10% of O&P
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7. Conclusion  
The building Kaven Hall is not currently in compliance with the Americans with 
Disabilities Act standards.  In the future, as the student and faculty population grows and the 
need of the CEE department grows, renovating Kaven Hall and increasing the usable space will 
be necessary. This project recommends the renovation of the attic, which will become a 3
rd
 floor, 
and adding a new attic to Kaven Hall to make better use of space for all people including people 
with disabilities.  
The proposed project includes an architectural layout of the third floor and new attic. To 
support sustainable design, solar panels were incorporated. The gabled roof and composite floor 
system were proposed and designed to reserve more space and provide an economic solution. 
The elevator and staircases were designed to meet the specifications of the Code of 
Massachusetts Regulations and the Americans with Disabilities Act. To resist lateral loads, shear 
walls were also designed around the elevator. 
The structural framing analysis considered both gravity loads and lateral loads. For lateral 
loads, wind and earthquake loads were designed in accordance with ASCE 7. Since the seismic 
loads governed the building, the story drift of Renovated Kaven Hall was determined. The 
calculated value of the story drift in the building was acceptable and secondary moments were 
examined to be not of significance to be considered.  
The Proposed renovation would be less costly than erecting an entirely new building, and 
in comparison with the previous MQPs dealing with the renovation of Kaven Hall, this project is 
able to provide 13970sf of new space, excluding the elevator, staircases and mechanical 
equipment. This is in contrast with the previous space gain of 3280sf. The estimated cost of this 
project proposal is $1,760,000 including the solar panels. This is in comparison to previous 
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MQPs whose proposed cost was $980,000. The per square foot cost is $126 for this project, and 
it was $299 for the previous MQPs.   
 
8. Recommendation  
The recommendation for future project groups on the subject „renovation of Kaven Hall‟ 
is to research more about existing structural conditions of the building. Since there is not certain 
information on the structural conditions of Kaven Hall, the project had to make some 
assumptions. If future project groups have accurate information on structural conditions of the 
building, it will be possible to renovate Kaven Hall and add more floors and reserve more space 
with less money than building an entire building.   
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10. Appendices  
 
Appendix A. Solar Panel Design - Life Cycle Cost 
Condition of Providing 50% of Electricity  
 
 
Total electricity (kWh) 11364
Assumed price per watt ($) 8
Providing % 0.5
Anuual usage (kWh) 68184
Reqd Solar capacity (kWh) 55.82615
Reqd roof area (sf) 5582.615
Gross cost ($) -446609
utility anuual inflation rate (%) 3.78
year of operation at install -446609 utility saving (yr) 
1 -434609 1 12000
2 -422156 2 12453.6
3 -409231 3 12924.34608
4 -395818 4 13412.88636
5 -381899 5 13919.89347
6 -367452 6 14446.06544
7 -352460 7 14992.12671
8 -336901 8 15558.8291
9 -320755 9 16146.95284
10 -303997 10 16757.30766
11 -286606 11 17390.73389
12 -268558 12 18048.10363
13 -249828 13 18730.32195
14 -230390 14 19438.32812
15 -210217 15 20173.09692
16 -189281 16 20935.63998
17 -167554 17 21727.00718
18 -145006 18 22548.28805
19 -121605 19 23400.61333
20 -97319.9 20 24285.15652
21 -72116.8 21 25203.13544
22 -45961 22 26155.81395
23 -18816.5 23 27144.50372
24 9354.077 24 28170.56596
25 38589.49 25 29235.41336
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Condition of Providing 30% of Electricity  
 
 
 
 
 
Total electricity (kWh) 11364
Assumed price per watt ($) 8
Providing % 0.3
Anuual usage (kWh) 40910.4
Reqd Solar capacity (kWh) 33.49569
Reqd roof area (sf) 3349.569
Gross cost ($) -267966
utility anuual inflation rate (%) 3.78
year of operation at install -267966 utility saving (yr) 
1 -260766 1 7200
2 -253293 2 7472.16
3 -245539 3 7754.607648
4 -237491 4 8047.731817
5 -229139 5 8351.93608
6 -220471 6 8667.639264
7 -211476 7 8995.276028
8 -202141 8 9335.297462
9 -192453 9 9688.171706
10 -182398 10 10054.3846
11 -171964 11 10434.44033
12 -161135 12 10828.86218
13 -149897 13 11238.19317
14 -138234 14 11662.99687
15 -126130 15 12103.85815
16 -113569 16 12561.38399
17 -100532 17 13036.20431
18 -87003.4 18 13528.97283
19 -72963.1 19 14040.368
20 -58392 20 14571.09391
21 -43270.1 21 15121.88126
22 -27576.6 22 15693.48837
23 -11289.9 23 16286.70223
24 5612.446 24 16902.33958
25 23153.69 25 17541.24801
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Condition of Providing 50% of Electricity with Solar Carve-out Program 
 
 
 
 
total electricity 11364
provided % 0.5
anuual usage 68184
Reqd Solar capacity 55.82615488
reqd roof area 5582.615488
gross cost -446609.239
utility anuunal inflation rate (%) 3.78
year of operation 
at install -446609.239 utility saving (yr) SRECs saving 
1 -415176.8 1 12000.0 19432.44
2 -383290.8 2 12453.6 19432.44
3 -350934.0 3 12924.3 19432.44
4 -318088.6 4 13412.9 19432.44
5 -284736.3 5 13919.9 19432.44
6 -250857.8 6 14446.1 19432.44
7 -216433.2 7 14992.1 19432.44
8 -181442.0 8 15558.8 19432.44
9 -145862.6 9 16147.0 19432.44
10 -109672.8 10 16757.3 19432.44
11 -92282.1 11 17390.7
12 -74234.0 12 18048.1
13 -55503.7 13 18730.3
14 -36065.3 14 19438.3
15 -15892.2 15 20173.1
16 5043.393135 16 20935.6
17 26770.40031 17 21727.0
18 49318.68836 18 22548.3
19 72719.30169 19 23400.6
20 97004.45821 20 24285.2
21 122207.5936 21 25203.1
22 148363.4076 22 26155.8
23 175507.9113 23 27144.5
24 203678.5 24 28170.6
25 232913.9 25 29235.4
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Condition of Providing 30% of Electricity with Solar Carve-out Program 
 
 
 
 
total electricity 11364
provided % 0.3
anuual usage 40910.4
Reqd Solar capacity 33.49569293
reqd roof area 3349.569293
gross cost -267965.5434
utility anuunal inflation rate (%) 3.78
year of operation 
at install -267965.5434 utility saving (yr) SRECs saving 
1 -249106.1 1 7200.0 11659.464
2 -229974.5 2 7472.2 11659.464
3 -210560.4 3 7754.6 11659.464
4 -190853.2 4 8047.7 11659.464
5 -170841.8 5 8351.9 11659.464
6 -150514.7 6 8667.6 11659.464
7 -129859.9 7 8995.3 11659.464
8 -108865.2 8 9335.3 11659.464
9 -87517.5 9 9688.2 11659.464
10 -65803.7 10 10054.4 11659.464
11 -55369.3 11 10434.4
12 -44540.4 12 10828.9
13 -33302.2 13 11238.2
14 -21639.2 14 11663.0
15 -9535.3 15 12103.9
16 3026.035881 16 12561.4
17 16062.24019 17 13036.2
18 29591.21301 18 13529.0
19 43631.58102 19 14040.4
20 58202.67493 20 14571.1
21 73324.55619 21 15121.9
22 89018.04456 22 15693.5
23 105304.7468 23 16286.7
24 122207.1 24 16902.3
25 139748.3 25 17541.2
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Appendix B. Roof Design Calculation  
Roof Design Option 1 
Load Condition      
Dead Load (psf) 35  Fy (ksi) 50 
Snow Load (psf) 35    0.9 
1.2D+1.6S (psf) 98  E (ksi) 29000 
with slope         53.057    
Rafter design      
Assumed beam weight (lb/ft) 16    
Tributary width (ft) 4    
Wu (lb/ft) 226.2293    
Wu (K/ft) 0.226229    
beam length (ft) 32.4    
Mu (k-ft) 29.68581    
required ZX 7.9162    
try W 12X14     
Inertia (IX, in
4) 88.6    
ZX 17.4    
Check      
Capacity ( Mp, k-ft) 65.25 >  29.68581 (ok) 
Plastic Capacity      
LTB(Lateral Torsion Buckling) 8.82 <  9.2 (ok) 
FLB(Flange Load Buckling) 54.3 <  90.5 (ok) 
Total un-factored Wu (k/ft) 0.159172    
Deflection (in) 1.536022 <  (Allowable deflection) 1.62” (ok) 
Live load or snow load Wu 
(k/ft) 
0.075796    
Deflection (in) 0.731439 <  (Allowable deflection) 1.08” or max 1” (ok) 
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Rafter Plate Design      
Assumed beam weight (lb/ft) 26    
Pu from the a rafter (kips) 3.677    
Wu (k/ft) 0.0312    
beam length (ft) 24    
Mu (k-ft) 66.14  (using LISA Program) 
 
 
 
Try W 16 X 26     
Inertia (IX, in^4) 301    
ZX 44.2    
check      
Capacity ( Mp, k-ft) 166 > 66.14 (ok) 
Plastic 
Capacity  
LTB 7.97 < 9.2 (ok) 
FLB 56.8 < 90.5 (ok) 
Un-factored Wu (k/ft) 0.026    
Un-factored Pu (kips) 2.500    
Deflection (in) 0.526 < (Allowable deflection) 0.8”or 1” max  (ok) 
Roof Design Option 2  
Ridge Beam Design      
Assumed beam weight (lb/ft) 35    
Tributary width (ft) 32.4    
Wu (lb/ft) 3210.2    
Wu (k/ft) 3.2102    
beam length (ft) 24    
Mu (k-ft) 231.1344    
required Zx 61.63584    
Try W 18 X 35     
Inertia (IX, in^4) 510    
ZX 66.5    
check      
Capacity ( Mp) 249.375 > 231.1344 (ok) 
Plastic Capacity  LTB 7.06 < 9.2 (ok) 
FLB 53.5 < 90.5 (ok) 
Total un-factored Wu (k/ft) 2.303    
Deflection (in) 1.162394 < (Allowable deflection) 1.2” (ok) 
Live load or snow load Wu (k/ft) 1.134    
Deflection (in) 0.572364 < (Allowable deflection) 0.8”or max1" (ok) 
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Open Web Joist Design     
Dead Load (psf) 35    
Live Load (psf) 35    
Spacing (ft) 4 4.4   
Span (ft)  24 24   
Wu (lb/ft) 280 308   
WL (lb/ft) 154    
Main roof  Allowable 
uniform load  
Allowable uniform 
live load only  
Approx. wt Depth  
16K3 (4’spacing) 283 189 6.3 16 
16K4 
(4.4’spacing) 
340 221 7.0 16 
Extended roof  Allowable 
uniform load  
Allowable uniform 
live load only  
Approx. wt Depth  
Span (ft) 18    
use 12k1 299 197 5.0 12 
 
Girder Design      
Assumed beam weight (lb/ft) 26    
Pu from the a rafter (kips) 3.92    
Wu (k/ft) 0.0528    
beam length (ft) 44    
Mu (k-ft) 135.91  (using LISA Program) 
 
 
 
Try W 21 X 44     
Inertia (IX, in^4) 843    
ZX 95.4    
check      
Capacity ( Mp, k-ft) 473 > 135.91 (ok) 
Plastic 
Capacity  
LTB 7.22 < 9.2 (ok) 
FLB 53.6 < 90.5 (ok) 
Un-factored Wu (k/ft) 0.044    
Un-factored Pu (kips) 0.28    
Deflection (in) 0.905 < (Allowable deflection) 1.08”or 1” max  (ok) 
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Rafter plate Design      
Assumed beam weight (lb/ft) 35    
Tributary width (ft) 32.4    
Wu (lb/ft) 3210.2    
Wu (k/ft) 3.2102    
beam length (ft) 24    
Mu (k-ft) 231.1344    
required Zx 61.63584    
Try W 18 X 35     
Inertia (IX, in^4) 510    
ZX 66.5    
check      
Capacity ( Mp) 249.375 > 231.1344 (ok) 
Plastic Capacity  LTB 7.06 < 9.2 (ok) 
FLB 53.5 < 90.5 (ok) 
Total un-factored Wu (k/ft) 2.303    
Deflection (in) 1.162394 < (Allowable deflection) 1.2” (ok) 
Live load or snow load Wu (k/ft) 1.134    
Deflection (in) 0.572364 < (Allowable deflection) 0.8”or max1" (ok) 
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Appendix C. Floor Design Calculation 
use 2.5" slab and 3" metal deck  
Assumed beam weight = 22lb/ft  
DL  64 psf   E 29000 ksi  
LL 100 psf  f'c 3 ksi  
Trib. width 8 ft  Fy 50 ksi  
Beam length  25.1 ft  Asc= /4*(4/3)2 0.422 In2  
WD 534 lb/ft  Ec=w^1.5√f'c 3024 ksi  
WL 800 lb/ft  (w=145lb/ft)    
Wu 
=1.2WD+1.6WL 
1.92 kips/ft  Fu (stud tensile 
strength) 
60 ksi  
Mu  151.27 ft-kips      
allowable 
deflection 
0.84 Inch      
required I  196.55 in4      
Try W14X22  A=6.49 in2 I=199 in4     
Effective flange width (be) 1. L/8*2*(12) 75.3 Inch governs   
2. S/2*2*(12) 96 Inch     
y con (distance from top of 
slab to top of steel flange) 
5.5 inch     
assumed a 1 inch     
assumed y1 0 inch  
 
(fully 
composite) 
   
y2=y con-a/2 5 inch      
assumed ∑Qn=fy*As 324.5 Kips     
a=∑Qn/(0.85*f'c*be) 1.32 Inch      
y2 4.84 Inch      
 Mn 285.1 ft-kips AISC Table 3-19 > Mu=151.27
ft-kips 
(ok) 
shear studs use 4/3" 
diameter 
     
Qn=0.5Asc√(f'c*Ec) 20.09713 kips < Asc*Fu  25.32 (ok) 
# of connectors required 2*∑Qn/Qn 32.29 Use 34 studs    
stud spacing L*12/# 8.858824 in/stud Use 8.8in/stud    
Spacingmin=6*(3/4)= 4.5 < 8.8 < 44 (Max=5.5*8) (ok) 
Shear capacity Vu=wL/2 24.1 AISC Table 3-6 < Vn=94.8 (ok) 
plastic capacity  
 
 
bf/2tf 7.46 < 9.2 (ok)   
 
h/tw 
53.3 < 90.5 (ok) 
 
 
 
 
 
 
I =Lower bound  644.612 In4 (AISC Table  3-
20) 
wL(with20
psf of wet 
concrete) 
0.96 k/ft  
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Deflection 
5wL^4/(384*I*E) 
0.46 Inch  < 0.84 (ok)  
 
use 2.5" slab and 3" metal deck   
Girder length  33 ft  E 29000 ksi  
Pu from Beam 2  19.85 Kips   f'c 3 ksi  
Assumed girder weight =55 lb/ft Fy 50 ksi  
Wu=1.2wD 0.066 k/ft  Asc= /4*(4/3)2 0.422 In2  
Un-factored Pu 
(Dead Load)  
5.6 kips  Ec=w^1.5√f'c 3024 ksi  
Un-factored Pu  
(Live Load) 
9.84 k/ft  (w=145lb/ft)    
Un-factored wD 0.05 k/ft From LISA 
Program 
Fu (stud tensile 
strength) 
60 ksi  
Mu 531.14 ft-kips       
Allowable 
deflection  
1.1 In       
Try W21X55 A=16.2 
in2 
I=1140 in4        
required I  188.45 in4      
Try W14X22  A=6.49 in2 I=199 in4     
Effective flange width (be) 1. L/8*2*(12) 99 Inch governs   
2. S/2*2*(12) 196.8 Inch     
y con (distance from top of 
slab to top of steel flange) 
5.5 inch     
assumed a 1 inch     
assumed y1 0 inch  
 
(fully 
composite) 
   
y2=y con-a/2 5 inch      
assumed ∑Qn=fy*As 810 Kips     
a=∑Qn/(0.85*f'c*be) 1.61 Inch      
y2 4.69 Inch      
 Mn 917 ft-kips AISC Table 3-19 > Mu=544 ft-
kips 
(ok) 
shear studs use 4/3" 
diameter 
     
Qn=0.5Asc√(f'c*Ec) 20.09713 kips < Asc*Fu  25.32 (ok) 
# of connectors required 2*∑Qn/Qn 80.608 Use 82 studs    
stud spacing L*12/# 4.83 in/stud Use 4.8 in/stud  4.5<4.8<44 (ok) 
Shear capacity 58.69 From LISA  
Program 
AISC Table 3-6 <  Vn=234 (ok) 
plastic capacity  
 
bf/2tf 7.87 < 9.2 (ok)   
 50 < 90.5 (ok)   
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 h/tw  
 
  
I =Lower bound  2986.3 In4 (AISC Table  3-
20) 
   
Deflection 
5wL^4/(384*I*E) 
0.944 Inch  < 1.1 or 
Max 1 
(ok)  
Deflection 
5w(L)^4/(384*I*E) 
0.621 Inch  < 1.1 or 
Max 1 
(ok)  
 
Interior column design      
Tributary area of Typical Bay  847.44 ft^2 Fy (ksi) 50 
length  12 ft   0.85 
Total combined load    E (ksi) 29000 
Floor Dead load 54236.16 lb   
weight of roof  35140 lb   
Live load 84744 lb   
Snow load  29660.4 lb   
Pu=1.2D+1.6L+0.5S 257708 lb/ft   
Pu  257.708 Kips    
Try W 14 X 38     
A 11.2 In2   
ry 1.55 in   
rx 5.87 in   
K 1    
(KL/r)y 92.90323 governs    
(KL/r)x 24.53152    
 cFc 23.8 ksi AISC Table 4-22  
 cPn= cFc*A (kips) 266.56 > 257.708 (ok) 
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Appendix D. Stair Design Calculation  
STRINGER 1 Dead load  50 psf    
 Live load  100 psf  Fy  50 ksi 
Length  13.89 Ft E 29000 ksi 
Trib.width 2.5 Ft    
Angle  30.26     
Wu  0.77 k/ft    
Un-factored Wu 0.56 k/ft    
R(wL/2) 5.36 kips    
Mmax(wL^2/8) 18.62 ft-kips     
Try W8 X 10 Ix 30.8 in4    
(AISC, Table 3-2)  Mn 32.9 ft-kips > 18.62 (ok) 
Allowable D (L/240) Deflection 0.525 In < 0.69 (ok) 
LANDING BEAM 1       
 Length  10 Ft    
Trib. width  2.75 Ft    
Wu  0.605 k/ft    
Un-factored Wu 0.41 k/ft    
Pu from stringer 1  5.36 kips     
R  8.39 kips     
M(wL^2/8+PL/2) 34.375     
Try 10x12 Ix 53.8 In4    
(AISC, Table 3-2)  Mn 46.9 ft-kips > 34.375 (ok) 
5wL^4*(12^3)/(384EI)+PL^3*(1
2^3)/(24EI) 
Deflection  0.307 In < 0.5 (ok) 
STRINGER 2        
 Length(L1)  12 Ft    
Length(L2) 5 Ft    
Wu  0.77 k/ft    
Un-factored Wu 0.56 k/ft    
Pu from landing beam 
1  
8.39 Kips    
(wL1(0.5L1+L2)+PL2)/(L1+L2) R(L)  8.46 Kips    
(wL1(0.5L1)+PL1)/(L1+L2) R(R) 9.19 Kips    
R(L)/w X(from left) 10.96 Ft    
R(L)X-(0.5*w*X^2) Mmax  46.37     
Try 12X16 Ix  103 In4    
  Mn 46.9 Ft-kips > 46.37 (ok) 
5w(L1+L2)^4/(384EI)+P(L1+L2)^
3/(48EI) 
Deflection 0.849 In < 0.85 (ok) 
Landing B2        
w 
R 
R 
R R 
P P  
P  
R(L) 
R(R) 
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 Length  10 Ft    
 Wu  0.605 k/ft    
 Un-factored Wu 0.41 k/ft    
 R 3.025 kips    
 Mmax  7.56 Ft-kips    
try 8x10 Ix 30.8 In4    
  Mn 32.9 Ft-kips > 7.56 (ok) 
 Deflection  0.104 In < 0.5 (ok) 
Floor Beam        
 Length  10     
Wu(floor gravity load)  0.96 k/ft    
Un-factored Wu  0.60 k/ft    
P=P1+P2 10.725     
R 10.16     
wL^2/8+PL/4 Mmax 38.81     
Try W10X12 Ix  53.8 In4     
  Mn 46.9 Ft-kips > 38.81 (ok) 
5wL^4/(384EI)+PL^3/(48EI) deflection  0.334 In < 0.5 (ok) 
Column design        
Try 8x15 ry 0.876 A 4.44   
 Pu from stringer 2 
and landing 2   
12.22 Kips    
 R 24.43 kips    
 KL  14 Ft K 1  
 KL/r 191.7808     
(AISC, Tale 4-22)  Fc 6.19 Ksi    
  Pu  27.48 ksi > 24.43 (ok) 
 
 
 
 
 
 
 
R  
P2  P1  
R  
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Appendix E. Elevator Design Calculation  
Elevator Beam Design 
Beam design     Fy=50ksi   
Trib. Width  3.5 ft  E=29000ksi   
Floor dead load  224 lb/ft    
standard elevator cab weight  222.2 lb/ft    
weight of counterweight 250 lb/ft    
Live load (capacity ) 277.8 lb/ft    
Floor live load  350 lb/ft    
Assumed beam weight  12 lb/ft    
Assumed beam weight  12 Lb/ft    
Wu=1.2D+1.6L 1854.3 lb/ft    
Wu  1.854 kips/ft    
beam length  9 ft    
Mu  18.775 Kips-ft    
required Zx 5.0     
Try W 6X12      
Area (A) 3.55 In2    
Inertia (Ix) 22.1 In4    
Zx 8.3 In3    
check       
Capacity (Mp) 373.5 > 16.89 (ok)  
Plastic Capacity       
LTB(Lateral Torsion Buckling) 7.14 < 9.2 (ok)  
FLB(Flange Load Buckling) 21.6 < 90.5 (ok)  
Deflection       
Total un-factored Wu (k/ft) 1.336 k/ft    
Deflection (in) 0.3077 < Allowable 
deflection(L/240) 
0.45 (ok) 
Un-factored WL (k/ft) 0.6278 k/ft    
Deflection (in) 0.1446 < Allowable 
deflection(L/360) 
0.3 (ok) 
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Column design for gravity system    
elevator cab size (tributary area) 9'x7'   
length of rail and bracket supports 12 Ft  
Fy 50 Ksi  
standard elevator cab weight 4000 Lb  
weight of counterweight 4500 Lb  
Floor Dead Load 4032 Lb  
Dead Load Total  12.53 kips  
elevator capacity  2500 Lb  
Floor Live load  6300 Lb  
Live Load Total   8.8 kips  
Pu (kips) 29.1184   
Try W 8 X 24    
A 7.08   
ry 1.61   
K 1   
(KL/r)y 89.44   
 Fc 24.9 AISC Table 4-22  
 Pn= Fc*A 176.292 > 29.1184 
 
Elevator Column Design Calculation for Lateral System 
Design with Column member W8X24 
rx=3.42in ry=1.61in I=82.7in4 S=20.9in3  
Dead load  Pnt 25.2 Kips Result from LISA 
Program  Mnt 3.396 Kips-ft 
Live Load  Pnt  17.64 Kips 
 Mnt 2.377 Kips-ft 
Snow Load  Pnt 1.103 Kips 
 Mnt 0.005 Kips-ft 
Seismic Load  Plt  18.973 Kips 
 Mlt  24.3 Kips-ft 
Load combination  1.2D+1.0E+0.5L+0.2S    
Pnt  39.2806 kips   
Plt  18.973 kips   
Mnt  5.2647 Kips-ft   
Mlt 24.3 Kips-ft   
∑H 1.03 Kips   
h  0.03 Inch   
∑Pe2=Rm (∑HL/h) 4202.4    
∑Pnt  78.5612    
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B2=1/(1-∑Pnt/∑Pe2) 1.019051 > 1 (ok) 
M1 0 Kips-ft   
M2 5.2647 Kips-ft   
Cm  0.6    
Pr=Pnt+B2Plt 58.61505    
Pe1l= EI/(KL)^2 1140.349    
B1=Cm/(1- (Pr/Pe1) 0.632512 use 1.0   
required second order strength values 
Pr=Pnt+B2Plt 58.61505    
Mr=B1Mnt+B2Mlt 30.02763    
Ky=Kx 1    
(KL/r)y 89.44099 Governs   
(KL/r)x 42.10526    
 cFc 25 Ksi  AISC Table 4-22  
A 7.08 In2   
 Pn 177 kips   
Pr/Pc 0.331158 > 0.2 Use H1-1a 
Mp  86.6 Kips-ft   
Mn  74.44381 Kips-ft Lr=19, Lp=5.69  
 Mn 66.99943   =0.9  
pr/pc+8/9(Mrx/Mcx) 0.613757 <  1.0 (ok) 
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LISA-2D Software Output   
         
        Dead Load                          Live Load                         Snow Load                           Seismic Load 
 
Dead Load  Section  Axial  Shear  Moment  
Member 1  1 25.2 -0.283 0 
 2 25.2 -0.283 -0.849 
 3 25.2 -0.283 -1.698 
 4 25.2 -0.283 -2.547 
 5 25.2 -0.283 -3.396 
Live Load  1 17.64 -0.198 0 
 2 17.64 -0.198 -0.594 
 3 17.64 -0.198 -1.189 
 4 17.64 -0.198 -1.783 
 5 17.64 -0.198 -2.377 
Snow Load  1 1.103 0 0 
 2 1.103 0 -0.001 
 3 1.103 0 -0.002 
 4 1.103 0 -0.004 
 5 1.103 0 -0.005 
Seismic Load  1 -18.973 2.025 0 
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 2 -18.973 2.025 6.075 
 3 -18.973 2.025 12.15 
 4 -18.973 2.025 18.225 
 5 -18.973 2.025 24.3 
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Appendix F. Wind Design Calculation  
 
 
Wind design
Main roof 
Main wind force resisting system 
Wind Speed (V, mph) 100 (From ASCE Figure 26.5-1)
Exposure Category B
Mean roof height (ft) 56.5
Velocity Pressure Exposure Coefficient(Kh) 0.836
Velocity pressure (qh) 26.196
Importance factor(wind, Iw) 1.15 (From IBC 1604.5)
Wind directionality Factor(Kd) 0.85 (ASCE table 26.6-1)
Topographic factor Kzt 1 (Table 26.8-1)
Gust effect factor G 0.85 (From ASCE section 26.9)
External pressure coefficient Cp          (From Table 27.4-1)
Windward wall 0.8
Windward roof 0.3
N-S
Leedward wall -0.3
Leedward roof -0.6
E-W
Leedward wall -0.5
Leedward roof -0.6
Adjustment factor(λ) 1.2 (from ASCE Figure 28.6-1)
Roof angle (tan-1(17/26.4)) 32.78°
Velocity pressure exposure coefficient (Kz) table27.3-1
Velocity pressure(qz) qz=0.00256KzKztKdV^2 (Eq. 27.3-1)
Design wind pressure in the N-S Direction
Trib.length Level Height above graound level z(ft) Kz qz(psf) Windward design pressure qzGCp Leeward qhGCp Total design pressure(psi)
8.5 roof 65 0.87 18.931 4.8275 -13.35974 18.18719
14.5 4 48 0.8 17.408 11.8374 -6.67987 18.51731
12 3 36 0.736 16.015 10.8904 -6.67987 17.57031
12 2 24 0.652 14.188 9.6475 -6.67987 16.32738
12 1 12 0.57 12.403 8.4342 -6.67987 15.11404
Total for entire building (width=142ft)
roof 21.95193918 kips
4 38.1273592 kips
3 29.93981198 kips
2 27.82185721 kips
1 25.75432994 kips
Base Shear 143.5952975 kips
Desgin wind pressure in the E-W direction 
Trib.length Level Height above graound level z(ft) Kz qz(psf) Windward design pressure qzGCp Leeward qhGCp Total design pressure(psi)
8.5 roof 65 0.87 18.931 4.827456 -13.35973478 18.1872
14.5 4 48 0.8 17.408 17.0459136 -11.13311232 28.1790
12 3 36 0.736 16.015 15.68224051 -11.13311232 26.8154
12 2 24 0.652 14.188 13.89241958 -11.13311232 25.0255
12 1 12 0.57 12.403 12.14521344 -11.13311232 23.2783
Total for entire building (width=52.8ft)
roof 8.162411224 kips
4 21.57386224 kips
3 16.99020755 kips
2 15.85617701 kips
1 14.7491472 kips
Base Shear 77.33180524 kips
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Extended roof 
Mean roof height (ft) 53.5
Velocity Pressure Exposure Coefficient(Kh) 0.824
velocity pressure (qh) 25.820
Importance factor(wind, Iw) 1.15 (From IBC 1604.5)
wind directionality Factor(Kd) 0.85 (ASCE Table 26.6-1)
Topographic factor Kzt 1 (Table 26.8-1)
Gust effect factor G 0.85 (From ASCE section 26.9)
external pressure coefficient Cp (From Table 27.4)
windward wall 0.8
windward roof 0.2
N-S
Leeward wall -0.5
Leeward roof -0.6
E-W
Leeward wall -0.5
leeward roof -0.6
Adjustment factor(λ) 1.2 (From ASCE Figure 28.6-1)
Roof angle (tan-1(11/16.5) 33.69°
velocity pressure exposure coefficient (Kz) table27.3-1
qz, velocity pressure qz=0.00256KzKztKdV^2 eq. 27.3-1
N-S direction 
Trib.length Level Height above graound level z(ft) Kz qz(psf) Windward design pressure qzGCp Leeward qhGCp Total design pressure(psi)
5.5 roof 65 0.846 18.409 3.1295232 -13.168 16.29749
11.5 4 48 0.8 17.408 11.83744 -10.9733 22.81075
12 3 36 0.736 16.015 10.8904448 -10.9733 21.86375
12 2 24 0.652 14.188 9.6475136 -10.9733 20.62082
12 1 12 0.57 12.403 8.434176 -10.9733 19.40748
Total for entire building (width=32.8ft)
roof 2.94006746 kips
4 8.60421372 kips
3 8.60557266 kips
2 8.11635494 kips
1 7.63878526 kips
Base Shear 35.90499405 kips
E-W Direction 
Trib.length Level Height above graound level z(ft) Kz qz(psf) Windward design pressure qzGCp Leeward qhGCp Total design pressure(psi)
5.5 roof 65 0.846 18.409 3.1295232 -13.168 16.29749
11.5 4 48 0.8 17.408 11.83744 -10.9733 22.81074688
12 3 36 0.736 16.015 10.8904448 -10.9733 21.86375168
12 2 24 0.652 14.188 9.6475136 -10.9733 20.62082048
12 1 12 0.57 12.403 8.434176 -10.9733 19.40748288
Total for entire building (width=33ft)
roof 2.95799470 kips
4 8.65667844 kips
3 8.65804567 kips
2 8.16584491 kips
1 7.68536322 kips
Base Shear 36.12392694 kips
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Appendix G. Seismic Design Calculation  
Seismic Design       
Ss 0.24 IBC(2003) figures 
1615(1)~(10) 
  
S1 0.067     
Soil site class  D     
Fa 1.6 since 
Ss<0.26 
   
Fv 2.4 since S1<0.1    
S(MS)=FaSs 0.384 g    
S(M1)=FvS1 0.1608 g    
S(DS)=2/3*S(MS) 0.256 g    
S(D1)=2/3*S(M1) 0.1072 g    
For S(DS)=0.256g  seismic design category B    
for S(D1)=0.1072g  seismic design category C SDC=C  
controls   
  
Ts(SD1/SDS) 0.41875     
0.8Ts 0.335 > fundamental 
period, T 
(sec) 
3.3 (ok) 
Occupancy importance 
factor IE 
1.25 ASCE 9.1.4    
Modification factor, R 4 ASCE Table 
9.5.2.2 
   
Cs=S(D1)/(R/I(E)*T)      
seismic response 
coefficient  
     
Cs=S(D1)/(R/I(E)*T) 0.01015     
Cs should not be taken 
less than  
     
Cs=0.044S(DS)*I(E) 0.01408 Controls  Use 0.02   
Cs need not exceed       
Cs=S(DS)/(R/I(E)) 0.08     
Effective Seismic 
weight  
     
for the first floor to 
third floor  
Slab  2753.784 kips   
Wall 1324.8576 kips   
New floor  slab  811.6416 kips   
 wall 441.6192 kips   
Roof  slab  811.6416 kips    
 Dead load  403.4212 kips    
Shear wall  209.1204 kips   
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Columns  291.6 kips   
  7047.6856 kips   
V=Cs*W  140.953712 kips    
vertical distribution of the base shear      
Level  Height (hx, ft) story weight 
(Wx, kips) 
Wxhxk lateral force 
(Fx, kips) 
story shear 
(Vx, kips) 
roof  65 1215.0628 78979.082 44.70118008 44.70118008 
4 48 1295.08488 62164.07424 35.1840944 79.88527448 
3 36 1498.57128 53948.56608 30.53421876 110.4194932 
2 24 1498.57128 35965.71072 20.35614584 130.7756391 
1 12 1498.57128 17982.85536 10.17807292 140.953712 
  7005.86152 249040.2884 140.953712  
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Appendix H. Shearwall Design Calculation  
Distribution of the seismic forces to the shear walls in N-S direction   
ex=0.05*width (ft) 7.1 (Vi)y=1/2Vx+1/120Vx*ex (symmetry) 
Level  Height hx 
(ft)  
lateral force Fx 
(kips) 
story shear 
Vx (kips) 
Vxex (kip-ft) (Vi)y 
(Kips) 
Moment (kip-ft ) 
Roof 65 44.70118008 44.70118008 317.3784 24.99541 212.461 
4 48 35.1840944 79.88527448 567.1854 44.66918 748.4912 
3 36 30.53421876 110.4194932 783.9784 61.7429 1489.406 
2 24 20.35614584 130.7756391 928.507 73.12538 2366.911 
1 12 10.17807292 140.953712 1000.771 78.81662 3312.71 
For wind load N-S direction 1281.249 Kip-ft   
Forces at the Base of Shear Wall N-S 
Direction 
    
Load case  Axial 
force(kips)  
Bending 
Moment (kip-ft) 
Shear force 
(kips) 
   
Dead Load  123.012 0     
live load  12.6 0     
snow 4.41 0     
wind  0 1281.249214 71.79753716    
Earthquake 0 3312.709921 140.953712    
Factored Axial Forces, Moment, Shear  
Load Combination   Pu(kips) Mu(kip-ft)  Vu(kips)   
1. 1.4D 172.2168 0 0   
2.1.2D+1.6L+0.5S 169.9794 0 0   
3.1.2D+1.6S+0.8W 154.6704 1024.999371 57.43803   
4.1.2D+1.6W+0.5L+0.5S 156.1194 2049.998743 114.8761   
5.1.2D+1.0E+0.5L+0.2S 154.7964 3312.709921 140.9537 Design for shear, seismic load 
governs 6.0.9D+(1.6W or 1.0E) 110.7108 3312.709921 140.9537 
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Design for Shear (determine required shear reinforcement for shear wall) 
assume that the total wind forces are resisted by the walls    
length of wall  9 ft    
proposed wall thickness  8 inch    
N-S direction       
Total shear force at base of building, Vu  140.9537 kips    
 Vc 65.7   = 0.75    
 Vn 327.6     
 Vc=65.7 > Vu=135.54 >  Vn=327.6   (ok)   
Required horizontal shear reinforcement      
 Vs=Vu- Vc 75.25371 kips    
 Vs 8.361524 kips/ft length of 
wall  
   
Try No. 5@15in.  Vs=8.9 > 8.361524 (ok)   
Smax=18inch  > 15 inch  (ok)   
use No.5@15in. Horizontal reinforcement     
required vertical shear reinforcement       
𝜌v=0.0025+0.5(2.5-hw/lw)(𝜌h-0.0025) 0.0025     
hw/lw 6.66667     
𝜌h=Avh/s2h 0.00258     
Required Avn/s1=𝜌vh 0.01999     
No. 5bars,   s1=0.31/𝜌h 15.5043 < 18 inch. (ok)   
Use No. 5@15 In. vertical reinforcement       
Design for flexure       
first floor       
Pu 154.796 ft-kips/shear wall    
Mu  3312.71 ft-kips/shear wall    
load condition       
1.2D+1.0E+0.5L+0.2S      
tributary floor area (14*18) 252 Ft2    
Dead load floor  15.624 kips    
Wall weight 230.4 kips    
Live load floor  25.2 kips    
snow load floor 8.82 kips     
Pu  429.469 kips    
for 2-7ft segments  0.4375     
for 2-9ft segments  0.5625     
Pu for 2-7ft segments 187.893     
Pu for 2-9ft segments 241.576     
for 9ft segment       
lw  108 inches  h 16  
for No. 9 @ 8 in. A= 1in2 𝜌v 0.015625  
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lw  108 Inch.    
h 16     
𝜌v 0.015625     
Ast 13.5 In2    
w=(Ast/lw*h)*(fy/f'c) 0.11719     
 =Pu/(lw*h*f'c) 0.02719     
c/lw=(w+ )/(2w+(0.85*0.85) 0.15127     
Mn =0.5Ast*fy*lw(1+Pu/(Ast*fy)*(1-
c/lw) 
3811.224 ft-kips    
 Mn 3430.102 ft-kips > 3312.71 (ok) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
97 
 
Appendix I. Cost Analysis 
 Description Quantity Unit Material $ Labor$ Other/ 
Equipment $ 
Total $ 
Metals        
 Roof 
framing 
16K3 
1700.00 L.F. 5,457.00 3,485.00 1,785.00 10,727.00 
 Roof 
framing 
12K1 
792.00 L.F 2,305.00 1,948.00 1,251.00 5,504.00 
 Roof 
framing 
W21X44 
388.80 L.F. 25,757.50 1,686.25 802.50 28,246.25 
 Roof 
framing 
W18X40 
419.00 L.F. 25,402.50 2,016.25 958.75 28,377.50 
 Roof 
framing 
W16X31 
100.00 L.F. 4,687.50 355.00 223.75 5,266.25 
 Roof 
framing 
W12X22 
94.00 L.F. 3,113.75 340.75 215.03 3,669.53 
 Floor 
framing 
W14X22 
907.80 L.F. 21,957.50 3,290.78 1,838.30 27,086.58 
 Floor 
framing 
W16X26 
585.60 L.F. 23,058.00 1,866.60 1,185.84 26,110.44 
 Floor 
framing 
W16X31 
50.20 L.F. 2,353.13 178.21 112.33 2,643.67 
 Floor 
framing 
W18X40 
186.60 L.F. 11,312.63 898.01 426.85 12,637.49 
 Floor 
framing  
W21X55 
241.20 L.F. 20,049.75 1,221.08 497.48 21,768.31 
 Floor 
framing 
W24X68 
146.40 L.F. 15,097.50 609.39 289.14 15,996.03 
 Floor 
framing 
W14X38 
96.00 L.F 5,640.00 378.00 237.60 6,255.60 
 Floor 
framing 
W14X61 
246.00 L.F 23,062.50 1,002.45 633.45 24,698.40 
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 Elevator 
shaft 
W8X24 
60.00 L.F. 2,175.00 348.00 219.00 2,742.00 
 Elevator 
shaft 
W6X12 
80.00 L.F. 1,450.00 426.00 268.00 2,144.00 
 Stair beam 
W8X10 
68.00 L.F. 1,028.50 373.35 227.80 1,629.65 
 Stair beam 
W12X16 
48.00 L.F. 1,161.00 174.10 109.80 1,444.90 
 Stair beam 
W10X12 
20.00 L.F. 362.50 106.50 67.00 536.00 
 Stair 
column 
W8X15 
48.00 L.F. 1,089.00 255.60 160.80 1,505.40 
 3/4" Shear 
stud  
510.00 Ea. 566.10 969.00 0.00 1,535.10 
 Roof 
framing 
16K4 
288.00 L.F. 1,296.00 738.00 378.00 2,412.00 
 Stair 
Concrete 
fill tread  
48.00 L.F. 1,944.00 244.80 0.00 2,188.80 
 Stair Steel 
pan  
48.00 S.F. 3,300.00 570.00 54.60 3,924.60 
 Shear wall 
8" concrete 
wall  
23.70 C.Y. 3,051.38 0.00 0.00 3,051.38 
 2.5" 
Reinforced 
concrete 
slab   
149.10 C.Y. 15,357.30 0.00 0.00 15,357.30 
 3" Metal 
decking 20 
gauge  
19324.00 S.F. 36,329.12 12,367.36 1,159.44 49,855.92 
 Subtotal    258,364.2 35,848.48 13,101.46 307,314.10 
        
Exterior Roof 
insulation 
3/4" 
Plywood 
sheathing  
11527.00 S.F. 8,357.08 7924.810 0.00 16,281.89 
 Roof 
insulation 
6" loose 
cellulose 
11527.00 S.F. 5,187.15 3890.360 1,873.14 10,950.65 
 Roof 11527.00 S.F 4,380.26 6800.930 0.00 11,181.19 
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insulation 
1/2" 
gypsum 
board  
 Gable 
Dormer  
2.00 Ea. 678.00 247.950 120.60 1,046.55 
 Skylight 
28"X36" 
3.00 Ea. 1,320.00 412.500 0.00 1,732.50 
 Skylight 
44"X46" 
3.00 Ea. 1,950.00 495.000 0.00 2,445.00 
 Windows  42.00 Ea. 39,795.00 9975.000 0.00 49,770.00 
 Brick wall 3917.00 S.F. 20,799.27 50372.62 0.00 71,171.89 
 Wall 
insulation 
20799.27 S.F. 27,247.04 8943.690 0.00 36,190.73 
 Subtotal    109,713.8 89062.86 1,993.74 200,770.40 
        
Interior  Partition 
wall  
12764.00 S.F 32,867.30 34143.70 0.00 67,011.00 
 Wood door 
frame 
32.00 Ea. 1,880.00 2940.160 0.00 4,820.16 
 Ceiling 19325.00 S.F. 7,536.75 13141.00 0.00 20,677.75 
 Chimney 
brick, flue  
1 Ea. 894.45 1001.250 0.00 1895.70 
 Paint for 
wall, 2 
coats 
33968.00 S.F 7,812.64 24117.28 0.00 31,929.92 
Plumbing 
fixtures 
Toilet 8.00 Ea. 2,280.00 1112.000 0.00 3,392.00 
 Urinal  4.00 Ea. 1,740.00 1000.00 0.00 2,740.00 
  Sink 8.00 Ea. 4,440.00 1072.000 0.00 5,512.00 
 Subtotal    59,451.14 78527.39 0.00 137,978.53 
        
Sitework  Moving 
Mechanical 
Equipment  
1.00 Ton 0.00 680.000 0.00 680.00 
 Demo 
reinforced 
concrete  
57 S.F. 0.000 504.45 178.41 682.86 
 Cage room 
removal  
323.00 S.F. 0.00 485.600 125.97 611.57 
 Roof 
demolition 
11527.00 S.F. 0.00 425115.7
60 
0.00 425,115.76 
 Demo stair  1.00 Ton  0.00 610.000 215.00 825.00 
 Remove 
sprinkler 
pipe 
120.00 L.F. 0.00 796.800 285.60 1,082.40 
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 Subtotal    0.00 428192.6 804.98 428,997.59 
        
Mechanical 
Equipment  
Passenger, 
hydraulic, 
150 fpm, 6 
stop 
1.00 Ea. 0.00 0.000 159,375.00 159,375.00 
 Sprinkler 
system 
14370.00 S.F. 0.00 0.000 47,564.70 47,564.70 
 Sprinkler 
head  
40.00 Ea. 407.60 16.000 980.00 1,387.60 
 Drinking 
fountain, 
wall hung 
2.00 Ea. 1,312.50 367.500 0.00 1,680.00 
 Air 
Conditioner 
2.00 Ea. 14,750.00 735.000 0.00 15,485.00 
 Heating  35.00 Ea. 28,350.00 2275.000 0.00 30,625.00 
 Subtotal    44,820.10 4357.500 206,939.70 256,117.30 
        
Solar Panel  Solar panel    160,779.60 53593.20 66,991.50 267,966.00 
 Subtotal    160,779.60 40,194.9 66,991.50 267,966.00 
        
10% of O&P     633,312.88 67,618.37 28,983.14 159,914.39 
Estimate 
Total 
   696,441.68 743,802.1
1 
318,814.52 1,759,058.3
14 
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Appendix J. Mastan2 Software Output 
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Outputs for Story Drift Determination and P-Delta Effect  
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P-Delta Effect Calculation  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Using Equations, 
 
  =
   
       
 
 
  =  x -  x-1 
 
 x =Cd  xe / IE 
 
Dead load  Pnt 351.579 kips  
Live Load  Pnt  276.067 kips  
Snow Load  Pnt 31.376 kips  
 Px 627.646 kips  
 Vx 140.9537 Kips  
 hsx 65 ft   
 Cd 3   
  x 0.915 in  
  x 0.140328 in  
   0.774672 in  
Stability 
coefficient 
  0.0171334 <  0.167 
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Appendix K. Revit Architecture Output   
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Appendix L. Current Floor Plan of Kaven Hall  
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